These criteria are obviously inadequate to serve as more than an approximate index of three stages of maturity but I hope to show that they are considerably better than none. In the case of girls, menstruation could usually be related much more accurately to ovulation if facilities were available for estimation of pregnandiol in the urine, but this is impracticable where large groups are under review. Similarly, it might be possible to subdivide "adolescence" into early or late on a clinical basis, depending on whether a regular menstrual cycle had been established and whether axillary hair was present.
In the case of boys, the absence of a well-defined stigma such as menstruation makes classification more difficult, and border-line cases will inevitably occur. Thus the appearance of pigmented pubic hair is preceded by non-pigmented vellus, and the assessment of the stage of genital development is to some extent arbitrary.' In general, growth in length of the penis precedes adolescent development of the corpora cavernosa, whilst a pubescent stage of testicular development can usually be distinguished in which the body of the testis is enlarged in relation to the epididymis, is softer than in the prepubescent state, but is less than half the adult size. Penile development may4 precede testicular development or vice versa. For the grading of adolescence, wellmarked development both of penis and of testicles is necessary, in association with pubic hair; the appearance of axillary hair is too variable to serve except as a confirmatory sign, since in some cases it was found to appear very late and occasionally in advance of pubic hair and before genital development was apparent; hair on the linea alba was only observed when adolescence was well advanced. The pitch of the voice is also regarded as confirmation of adolescence when the voice is obviously "broken", but the pitch cannot be estimated on a single examination with sufficient accuracy to be of much clinical value.
In a series of 208 boys aged 11 to 16 to whom these gradings were applied, it was found that gynwcomastia was present in none of the non-pubescent boys, in 12 9 % of the pubescent, and in 32 1 % of the adolescent. It bore no obvious relationship to the presence or absence of axillary hair. Comedones were noted in 19 7 % of the nonpubescent, 41 % of the pubescent, and 76 2 % of the adolescent boys (Effis, 1946) . On the basis of 662 examinations, the percentage of boys graded as non-pubescent, pubescent, and adolescent in each year of age between 9 and 18 was as shown in fig. 1 . This illustrates the effect which the raising of the school-leaving age from 14 to 15 will have on the maturity of boys entering employment. Whilst at 14 the percentage of completely immature boys is greater than the percentage graded as adolescent, at 15 the percentage of "non-pubescent" boys is less than 10 and that of adolescents approximately 60. The distribution curve of pubescent boys shows a peak between 13 and 14 years (at which age the division into non-pubescent and pubescent is most even).
If the same data are replotted ( fig. 2 ) to show the percentage of boys non-pubescent and the percentage non-adolescent in each year of age, the curves suggest that the duration ofpubescence is longer in those maturing early or late than in those maturing at the mean age (Ellis, 1948). Height and Weight.-Using the maturity-grading described, an initial comparison was made of the mean height and mean weight of boys of the same year of age but of different degrees of maturity, with the result that within the age ranges studied, viz. 12 to 16 years, the groups of more mature boys were found in every instance to be heavier and taller than the groups of less mature boys of the same year of age. These boys were all resident in two schools (referred to as Schools A and B) and since comparisons were only made between boys in the same school, each group had been living under similar environment and on the same school diet as the group with which comparison was made for periods of from 3 to 10 years.
The differences in each instance between the mean heights and weights of boys of similar age but in different maturity groups were statistically significant (Ellis, 1946) .
In order to determine at how early an age these differences were apparent, mean height, and weight curves were constructed for each maturity-age group, and those for boys of the same age and school compared. It was found that whilst the curves tended to diverge with increasing maturity, the groups of earlier-maturing boys were in all instances heavier and taller than their later-maturing contemporaries to the earliest age for which measurements were available, i.e. in the case of School A, the sixth year of age. Whilst it cannot be argued from this that a small child will necessarily mature late or a large child early, it is of interest that differences in the average heights and weights of different maturity groups were manifest long before changes directly attributable to onset of puberty had occurred.
In order to determine more accurately the rate of growth associated with each phase of maturity, 154 of the boys examined in the two residential schools were subsequently regraded (a year later in the case of School A, and nine months later in the case of School B), and their increase in height and weight estimated a year after the initial grading. They were grouped into those who had remained non-pubescent throughout, those who were non-pubescent on first and pubescent on second grading, those who remained pubescent throughout, those pubescent on first and adolescent on second grading, and those adolescent throughout. The age-ranges at the end of -the experimental period were 12 to 13 and 13 to 15 in School A and 14 to 16i in School B (Ellis, 1948) . Fig. 3 shows the results in the case of School B. There were no boys who remained non-pubescent throughout the experimental period 1946-7, but the rate of "nonpuberty" growth is indicated by Group I in 1945-6. Whilst the differences between 20
ZO I3_ the height and weight increments of Groups I and II (who were both pubescent on second examination), were not statistically significant, it is seen that the passage from pubescence to adolescence (Group III) is associated with a rapid acceleration in both height and weight gain. In Group IV, who were adolescent on first examination, the rapid weight gain seen in 1945-46 is continued throughout the experimental period, but gain in height is beginning to be retarded. The findings in both schools showed an acceleration of both height and weight increment preceding the clinical manifestations of pubescence, and continuing through the period of pubescence; and a more rapid gain in both height and weight associated with attainment of adolescence, and continuing into early adolescence. The boys who passed from pubescence to adolescence, and those who were adolescent on both examinations, showed an increase in height which is nearly double and an increase in weight which is more than double that of the boys who remained nonpubescent over a twelve-month period.
Hip-circumference.-It was noted clinically in the course of the examinations that the onset of puberty was in many cases associated with some degree of fat-deposition in the pelvic region and with muscular development, particularly of the buttocks. It was therefore decided to measure the circumference of the hips at the level of the great trochanter in order to see whether this bore any correlation to the degree of maturity. The pooled results in this instance are given for 267 boys aged 12 to 17 examined in 1947 from the four institutions, and are divided first into maturity groups and secondly into year-age groups. It will be seen that the mean measurements are related more closely to the state of maturity than to chronological age. Thus the means for the pubescent boys at each age are greater than those of the non-pubescent, and those of the adolescents again greater than those of the pubescent boys, irrespective of age. Amongst the boys graded as pubescent (the most homogeneous of the maturity groups), the means are closely similar, whether the boys are aged 12, 13, 14, 15, or 16 years. The differences between the means of the 12 and 15 year-old pubescent boys are not statistically significant.
Whilst there can be only limited value in a measurement which involves at least three variables (bone, muscular tissue, and fat), it is suggested that the circumference of the hips might usefully be included in the routine measurements of prepubertal and adolescent boys.
Physicalperformance.-Using the same groups as shown in Table II , a preliminary investigation of physical performance in relation to maturity and age was made on tie basis of dynamometer readings obtained with grip and pull. The same instrument was used in each case, and the tests carried out as far as possible under standard conditions. The test of pull, however, was the less satisfactory of the two, as the range of readings was relatively small and the pull, being performed with flexed thumbs across the chest at nipple level, caused some discomfort when maximum force was exerted.
The results of the dynamometer tests, arranged as in Table II , were as follows: With the single exception of the 13-year-old pubescent boys, whose mean grip is less than that of the non-pubescent group of the same age, it is seen that these performance tests increase with maturity rather than age. Thus, with the one exception noted, all the pubescent groups give on the average higher readings than all the nonpubescent, and the adolescent groups higher than all the pubescent groups. The performance of the adolescents increases with increasing age; this is consistent with the general findings, since it is to be expected that the older adolescents will on the average be more mature than the younger ones.
Conclusion.-In assessing growth and nutrition of children between 9 and 18, maturity is almost as important as is chronological age. No composite growth curves can form a satisfactory standard of comparison for the individual case unless the curves are constructed from measurements made on children maturing at approximately the same age. The differences in mean rate of growth (as indicated by increment in height and weight over a twelve-month period) have been shown to be in the order of 100 % in boys within limited age-ranges and on the same school diet but at different stages of maturity. It is suggested that if a simple form of clinical maturity grading were introduced into routine medical examination of children and adolescents in this country, it would be possible to collect data and construct standards on the basis of height, weight, age and maturity which would be of much greater value than those commonly employed. There are obvious objections to using standards prepared in a different country with different dietetic habits, climate, and social standards. It would also make it possible to determine whether the age-onset of puberty is significantly affected by nutrition, latitude, and social environment as well as by the genetic factors which can be assumed to operate. More information is required with regard to the physiological deposition of fat at puberty, and the distinction between this and pathological obesity. It is unlikely that any mathematical formula relating to height, weight, and physical performance will provide a completely satisfactory answer as to what is within physiological limits and what is not, although niany such formulh have been constructed. But these measurements, if related to both age and maturity, will have a certain value in assessing the nutrition and growth of large groups of children. It is suggested that circumference of the hips might provisionally be added to the measurements made on routine examination of children and adolescents, since this appears to bear a much closer relationship to maturity than it does to chronological age.
